Based on thermodynamic calculations and analysis of experimental literature data the fields of the primary crystallization of the phases, the types and coordinates of non-and monovariant equilibria in the Cu-Pb-Te system are determined. It has been revealed that the ternary compound is not formed in the system, and in the solid state it is divided into subsystems with the participation of lead telluride: Cu-PbTe-Pb, Cu-Cu 2-x Te-PbTe, Cu 2-x TeCu 5 Te 3 -PbTe, Cu 5 Te 3 -Cu 4 Te 3 -PbTe, Cu 3-x Te 2 -CuTe-PbTe, CuTe-Te-PbTe. The projection of the liquidus surface Cu-Pb-Te is determined. On the basis of phase diagrams of the boundary binary systems and the limited number of DTA data of the ternary system by using the OriginLab program, equations are obtained for calculating and 3D modeling of the PbTe, CuTe, Cu 2-x Te, Cu 3-x Te 2 , and Cu 5 Te 3 crystallization surfaces and the surface of the liquid immiscibility in the Cu-Pb-Te system. There are regions of immiscibility for the liquid phase from the side Cu-Cu 2-x Te and Cu-Pb. With an increase quantity of the third component, the critical temperature immiscibility decreases. Defined in the work 3D model for the system Cu-Pb-Te keeps the corresponding analytical function and table data in the form of matrices.
Introduction
Copper chalcogenides with s 2 p 2 and s 2 p 3 elements have semiconductor, photoelectric, thermoelectric, optical and other functional properties [1] [2] [3] . These compounds and phases on the basis of them have mixed ion-electron conductivity and are promising materials for the manufacture of sensors, electrodes and solid electrolytes [4] [5] [6] . Cu-Pb-Te alloys also have anticorrosion properties and are used as a coating for electrical cables of underwater installations operating under high voltage conditions [7] . To determine the optimal conditions for the directed synthesis of chalcogenide phases, reliable data on the phase equilibria and thermodynamic functions of the corresponding systems are necessary [8] . Previously, we presented the results of complex studies for ternary systems Ag-Ge-Se [9] , Ag-Sn-Se [10] , Ag-Pb-Se [11] , Ag-Pb-Te [12] , Ag-Bi-Se [13] , Ag-BiTe [14] , Cu-Pb-Se [15] and Cu-Bi-Se [16] . To date, the phase diagram of the Cu-PbTe system has been insufficiently studied. The phase diagram of the Cu 2 Te-PbTe quasi-binary section was studied in [4, 17] . The book [3] presents the liquidus surface and the coordinates of invariant equilibria in the Cu-Pb-Te system. However, in [3] , the phases of the composition of Cu 5 Te 3 and Cu 3-x Te 2 were not taken into account. It should be noted that there is conflicting information about the phase diagram of the Cu-Te boundary system. Thus, according to [18] , in this system, Cu 2-x Te, Cu 3-x Te 2 and CuTe 1-x phases are formed. In the state diagram given in [19] , instead of the Cu 3-x Te 2 phase (x = 0.2÷0.35), Cu 4 Te 3 is indicated. Recalculation of the compositions of the phases showed that the formula Cu 4 Te 3 corresponds to the composition Cu 3-x Te 2 , in which x = 0.33. In the phase diagrams given in [18] as well as in [19] , the phase regions corresponding to the composition of Cu 5 Te 3 are shown. However, this formula is not given by them.
The purpose of this work is thermodynamic analysis and multi-3D modeling of the liquidus surfaces of all phases and immiscibility areas in the Cu-Pb-Te liquid system over the entire concentration range.
Thermodynamic analysis
For triangulation system Cu-Pb-Te is important to determine the direction of reactions involving lead telluride, and copper telluride, in particular reactions: The temperature dependences of the free energy of reactions (1) and (2) Figure 1 follows that in the considered temperature range the reactions (1) and (2) are directed towards the formation of PbTe. Other reaction options were considered, in particular 3CuTe+2Pb 2PbTe+Cu 2 Te+Cu,
3Pb+7CuTe 3PbTe+Cu 2 Te+Cu 5 Te 3 .
The temperature dependences of the free energies of these reactions, as in the case of reactions (1) and (2), showed that reactions (6) and (7) are also directed toward the formation of PbTe. Consequently, in the solidus part, sections with lead telluride are stable. Processing the totality of the experimental data using literature data on the boundary binary systems Cu-Te, Pb-Te and Cu-Pb and the results of thermodynamic analysis allowed us to triangulate the system Cu-Pb-Te in the form shown in Figure 2 .
3D modeling surfaces of liquidus and immiscibility
For 3D modeling of the surfaces of monovariant equilibria in the ternary system 1-2-3, the temperature dependences on the composition are determined as an explicit function T = f (x, y), where x is the atomic fraction of the basis component, let us assume of component 1; y is the fraction of component 2. We take such that x = x 1 , then y = x 2 /(x 2 +x 3 ). In the system CuPb-Te, the basic component 1 is Te, which strongly interacts with Pb (2) and Cu (3), forming a series of compounds. Consequently x=x 1 = x Te , y= x 2 /(x 2 +x 3 )= x Pb /(x Pb +x Cu ).
For analytical 3D-modeling of the surfaces of monovariant equilibria of the Cu-PbTe system, the method previously successfully tested in [9] [10] [11] [12] 
The equations (8-13) are visualized in Figure 4 .
Results and discussion
In the Cu-Pb-Te system, ternary compounds are not formed. The PbTe compound forms conodes with all copper tellurides ( Figure  2) , which is associated with a higher thermodynamic stability of copper telluride compared to copper tellurides (Figure 1 (Figures 3 and 4) . With the increase of the third component, the critical temperature of the stratification decreases. Figure 4 presents the 3D model of the main crystallization fields and the immiscibility areas at the Cu-CuTe section. It should be noted that in this part the α-phase based on Cu 2-x Te crystallizes under delamination. In the 3D model, the system is viewed from the PbTe side. From this angle, the presented 3D model of the Cu-Pb-Te phase diagram is more informative. 3D modeling was performed using the OriginLab computer program. Each part of the diagram in Figure 4 stores the corresponding analytical dependence. For each part of the diagram, using the command of the computer program of OriginLab, it is possible to obtain projections and a two-dimensional graphical dependence for any isothermal section, which is important for choosing the temperature regime for obtaining a given composition of the phase in the Cu-Pb-Te system.
Conclusion
Using a complex of experimental methods of physico-chemical analysis and thermodynamic calculation, the phase diagram of the Cu-Pb-Te system was determined over the entire concentration range. The formation of the ternary compound is not detected. Solid-phase equilibria diagram consists of six domains of three-phase Cu-PbTe-Pb, Cu-Cu 2-x Te-PbTe, 
